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^«t- Producing Biochips 
TITLE - Method and Apparatus for Proaucmy 

p.Rf!KfiROUND " p ™* INVENTION 

Field of invention 

Tn is invention re— to improvements in B ethoas a„a apparatus 

£or proaucin, Mochips. sue, as fiomoiecuies , such a, OK,. Pro- 
tein ana su.ar Cain .oXecuies. which are arrant in arrays on 
a substrate. 

nnrrj p f<nn nf the P rior Art 

^-t* - ^ - taking dna cMps as an exam 

Oenerally, DNA chips are 1 to 10 cm* i- size and several thousand to 
seve ral hundred thousand types of DNA stents are arranged with in 
the area of such chips. One conventional ^thod of producing the 

• „. arises the steps of stamping and depositing a solution 
biochxps composes the (hencef orth 

4.^ nronared by a polymerase chain reaction v 
of DNA segments prepared Dy a F x 

, < a~ rt i a qq or silicon substrate 
referred herein as "PCR" ) onto a slide glass 

arraver 0 r by synthesizing a large quantity of 
using pins on an arrayer, or oy y 

... on a alass substrate using semiconductor 
DNA segments at one time-on a glass 

techniques. . 

FIG . ! shows conventiona! methoa, .herein the tip of p« 
£i rst aippea in a washin, «.« containea in chafer 2. for cieanin, 

;;: Pin I;. ^ i - — - • — — 3 ana d r d 

th ereinto so that DNA stents are causea to aahere to the t>P of 
pin x. ,in.llT. Pin 1 is — ana pressea on a sUae B l.» *• 

produce a DNA chip. 

Th e prior art methoas are piaguea with probl— •«<* »• 
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example: t 

n f Position of the DNA segments using a pin 
(1) The process of deposition 

« nnaiitv of a stamped site 

consumes a long length of time, and the quality 

■ as "cell" or"spot" or "site") is not uni- 

(referred to hereinafter as cell v 

form. M-ove,, It is difficult t. aeposit only a small — 

Irvine waste becomes a factor. 
DNA solution. Thus, waste segme „ts 

(2) The method of synthesizing a large quantity 

on a glass substrate by using semiconductor techniques 
at one time on a glass suu ,-, rrfe 

• «„4. Thus, cost becomes a large 
requires large scale factory equipment. Thus, 

factor . 

™ THE INVENTION 

, an ob {e Ct of the invention is to overcome the 
Accordingly, an object or 

• „ other deficiencies and disadvantages of the 

aforementioned and other aeri 

^Mlr object is to provide a method and apparatus for rapidly 
a nd easily mass produce biomolecular chips »ith uniform quality. 

m.^mmm^^m^ of prodocing 

FIG. 1 is a diagram depicting a prior 
biochips. 

, • ui^rr a first illustrative em- 
FIGS. 2(A) - 2(C) are views depicting a first 

oodiment of the method of the invention. 

~a illustrative embodiment ot 
FIG. 3 is a view depicting a second Ulustrati 

the method of the invention. 

. *^rrt illustrative embodiment of 

FIG,. 4 is a view depicting a third illustr 

fhe method of the invention. 

the metno i11ust rative embodiment of 

FIG. 5 is a view depicting a fourth Ulustrati 



-2- 



t*e method of the invention. m|| . tr . tlv . emb odiment of 

FIG> 6 is a view depicting a fifth 

the m ethod of the invention. illustrative emb odi m ent of 

PIG. 7 is a view depicting a sixth 

the method of the invention. lllu . tratlv . e^odi.ent of 

PIG. 8 is a view depicting a first 

the apparatus of the invention. mol ecules on a 

FIG . 9 is a view depicting entangle.ent of 

SUbStrate * . dieting a seventh illustrative 

PIGS.10(A)-l0(O are views depicting 

i-v^ri nf the invention, 
embodiment of th. method of ., lustra tive embodiment of 

FIG. 11 is a view aepicting a secona xllu.tr.tx 

th. apparatus of the invention. „ tl „ embo dime„t of 

„G. 12 is a vie* aepictxng a thxrd 
5 th e apparatus of the invention. 

BBT^MSMM^^^ on . Dm chip 

,„ FIG . 2(»>. the DNA is ampllfxed 

x. 4-^ Then, the DNA chip xj. 
1X serving as a .other "—J^ . „ ana copled . a s shown in 

^ ,t^+-Vi * copy substrate a* 
into direct contact with copy positi onal relationship 

PIG . 2(B), while concurrently maintaining the P os 

of the sites. inscription is performed in 

H «t. another OW* amplification and transc P 

„« describea hereinabove by usxng the copy 
the same manner as aesc ^ ^ Umes 

12 as a .other substrate. This procedure xs ' ^ 

=> larae number of repn^^ 
as desired to thereby produce a large Rlternatlvely , 

geometric progression, such as shown xn HO. 
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of replications from a 
it is possible to produce a large number rep 

batrate (i .e. DNA chip ID alone by performs 
single mother substrate U-e anDlie d with the 

• The PCE may be applied wit 

amplification and transcription. 

„„Kot-rate coupled together. 
mo ther substrate and copy substrate 

p r hP DNA chips can be accomplished as 
Mass production of the DNA 

Qferrpd to as an example. RNA, P* 

(Note that dna :::: ;;i i _ . «- — * 

pl „.mr or Porous site ^ ^ ^ ^ ^ „„„ 

attached to a mother substrate 1 . ^ press ^ 

, ..■„„ Then, pressure is applied 
a DNA solution. re being 

co py substrate onto the mother substrate . 

. f„at the amount of DNA solution being 
suitably controlled so jfc ^ 

ferr ed in one transcription cycle inscription 
ted that the amount of DNA solution consumed by 

replSni shed by DNA amplification 
on the mother substrate side is rep 

through the PCR. of mh solutlon 

Aiternatively. as shown in ' the 
t0 be transcribed may be controlled by pressu i^ 

hetrate to squeeze the DNA soiu 
backside of the mother substrate 

of the sites. l3 to be 

., • possible to shape the mother substrate 

in an arched shaped, as shown xn FIG. 5, 

•v^ t-n a copy substrate 12. 
is transcribed to a copy mother 

• PT r 6 when applying PCR on 
Mor eover, as shown in ^ ^ ^ 

substrate 13. a separation wail may ^ ^ 

the DNA spots. Preferably, the separation wall 
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a m0 rhanically or chemically using light 
material that can be removed mechanically o 

or gas after the completion of the PCR. 

Furthermore, as shown in FIG • 7, transcription may be performed 
by firs t filling the sites (which are made of porous base material) 
on a master substrate IS with a ONA solution for PC* and transfers 
the S olution to the mother substrate 13 by contact therebetween 
NeX t, the DNA deposited on the mother substrate 13 is PC* amplified 

• hed to a copy substrate using the method depicted 
and then transcribed to a copy s 

1(a The sites on the mother substrate 13 may be 
in FIG . 4, for example. ^ 
fo rmed also by using porous base material and filled 
solut ion for PC*. Then, - DNA deposited on the mother substrate 

•* ed to a copy substrate by contact therebetween. 
13 may be transcribed to a copy 

annaratus for practicing the methods of the 
FIG. 8 shows an apparatus rot y 

inventl o, ^ein — temP 7 ttr ; ea 

« 2 0 h as con^n.a ^ • — » " hereUPOn h 1S ia di ; or 

* „ ?? attached to base 21; a holder 23 for 
mother substrate 13; a frame 22 attached 

. ,? and a drive system 24 for moving the 
holding the copy substrate 12, and a 

* down The drive system 24 is attached to frame 22. 
holder 23 up and down. The an 

v. . 13 which is a DNA chip, is positioned on the 

The mother substrate 13, which ^ rate l2 

base ai ana *. arive ^ U is - ^ «" 

held by ^aer 2 3 is p~~i- ana 1.*. aUect con ta t 

w * n The drive system 24 is also capable of 

with the mother substrate 13. The 

controlling the pressure. 

HnMfln t0 the copy substrate 12 is completed, the 
When transcription to tne ^ufjt 

drive sy s t e. 2 < is actual t o »ove up t*. — 2 3 so «. 
.1 JL 12 I. s eP a,a t ea f « «- -«~ ~ 1. - «~ 
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The .other substrate is Kept in place as it is. The amount of DNA 
solution consumed on the mother substrate tld. as a result of per- 
form^ severa! transcription cycles is replenished by PCK ampli- 
fication .herein the temperature of the constant temperature cham- 
ber 20 is lowered and raised. When the PCR amplification is com- 

v.~oo*- i-n the predetermined level. By 
pleted, the temperature is reset to the pre 

a 4- 4 o nossible to easily mass 
repeating the foregoing operation, it is possible 

produce the DNA chips. 

It should be noted that the prior art method of product DNA 
chips by rnovin, a pin and pressin, the pin on the olass slide is 
desired to simply deposit a DNA solution on the slide and leave 
the deposited DNA solution to dry in the ambient surrounding. Thrs 

• fha t a lona sized DNA molecule becomes 
method results in a problem in that a long 

entangled, as shown in PIG. 9, or the molecule extends horizontally 
to hide an area 32 necessary for hybridization. This problem is 
solved by the embodiment discussed below. 

. * *>,o inventive method is explained with 
First, the concept of the inventive me 

*n figs 10(A)-10(C). A pin 41, carrying a droplet of 
reference to FIGS, iiua; j-^v / 

• ™* on its tip is pressed onto a glass slide 42 
liquid containing DNA on its tip is p 

from the bac* side thereof, as shown in PXS. 10(A). When the pin 
ls removed, the droplet han g s down from the slide 42 due to „™«t„. 
as shown in HO. 10(B). Then, the droplet settles in shape. 

As shown in FIG • 10(B). an electrode 43 is placed on one s>de 
of slide 42 and an electrode 44 is placed on the other side of the 
gl ass slide 42. Volta g e is applied across the two electrodes so 
that a native char g e is supplied to the electrode 43 and a posrtrve 
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,„d to the electrode 44. Since the DNA is always 
charge is supplied to the el droplet 

*.,„= each DNA molecule in the otw 
electrified with a negative charge, each D 

electritie electro- 
extends toward the positive polarity as in the 

„ ,et is left to dry naturally, the DNA molecule 
phoresis. If the droplet is left cnt , anale d or 

u in FIG 10(C), without becoming entangled or 
.ill solidify, as shown in FIG. 

causing the hiding of the area for hyhridi.ation , s P 
the DNA molecule extending downward is formed, that is 

"» " -:iZ^:^. A pin holder 54 that holds a 
are arranged on the top frame 

* Qi-aae 55 installed on the floor o 
pln « is mounted on a stage ^ ^ „ 

50 so that the holder has free, later unit 

rts Din 41 up and down as desired. The 
can move the pin 4 P ^ ^ sQlutlon 

51 and solution unit 5 2 se ^ ^ ^ 
respective, and may comprise a pong ^ ^ ^ 
ta ,e advantage of surface tens o • - ^ ^ 

are disposed on the top surface of thereacross as desired. 

„ that the voltage is applied thereacross 

the DNA SOIU- 

A lso. a drying means (not shown in 

tion deposited on the slide 31 may he additionally dispo 
V ici„ity Of the glass slide 3. ^ ^ ^ ^ 

It should be noted that the an 

-nd for moving tne 

the pin holder 54 laterally across the stage 55 
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pin 41 up an, down, .eans for applying voltage across the electrodes 

43 and 44. and means for actuating the drying means can he provided 

using known methods and devices. 

The embodiment operates as follows. The pin 41 is lowered and 

the pin holder 54 is moved to a position directly under the cleaning 
fluid unit 51. The pin 41 is raised and the tip thereof is inserted 
Uto the cleaning fluid unit 51 and cleaned. The pin 41 is lowered 
ag ain and the pin holder 54 is moved to a position directly under 
the solution unit 52. In this position, the pin 41 is raised to 
contact the contents of the solution unit 52 and a droplet of the 
solution is deposited on the tip of pin 41. — *>» P» 

ls lowered and the pin holder 54 is moved to a position directly 

^ The pin 41 is then raised and pressed 
under the glass slide 31. The pin 

fhe slide 31. Then, the pin 41 is low- 
onto the bottom surface of the slide 

43 and 44 so that the DNA molecule stretches toward the positive 
electrode 43. As a result of actuating the drying means under the 
foregoing condition, the DMA molecule continues to hang down from 

the glass slide 31, as shown in FIG. 10(C). 

•„ „„ t limited to the embodiments above 
The instant invention is not limited to 

, „(n array comprising a plurality of pins 
described. For example, a pin array comp 

may be used instead of a single pin. As an alternative, the cleaning 
fluid unit 51 and solution unit 52 may be iocated on the floor of 
frame 50 instead of on the ceiling thereof. Also, a washing chamber 
a „d a solution chamber (neither being shown in ,10. ll)»y - used. 
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I„ that case, the upside-down pin must be reset to the normal position, 
i e. pointed downward, for cleaning and solution deposition. Both 
th. positioning of the pin to be upside down and the electrifying 
of the DNA chip are not always necessary, but either one of the 

t „ alone may suffice. Although a pin is used in the embodiment 

to place spots of DNA solution on the glass slide, the spots .ay be 

deposited using a printing method instead. 

Another alternative example involves applying voltage to the 

tetrodes switched between the positive and negative polarities. 

. it i= oossible to untangle the DNA 

as desired. With the switching, it is possible 

molecules. Moreover, in addition to the DNA the invention can be 
applied to RNA. protein and sugar chain, molecules . Also, it is pos- 
sihle to prevent a DNA molecule deposited on a substrate from becom- 
ing entangled, thereby allowing the molecule to hang down from the 
suhstrate. Hence, it is possible with the invention to easily pro- 

j-x. 4- fv,o molecule does not hide the 
duce biochips in such a manner that the molecule 

area necessary for hybridization. 

• i.^ ,n ptg 12 involving a plurality 
Another embodiment is depicted in FIG. 

of capillaries with open ends arranged in an array in such a manner 
that the ends are flush with one another on the same plane. Defer- 
ent types of DNA solution are injected into the capillaries as 
desired. The array of capillaries is positioned face to face against 
a pianar substrate and voltage is applied across the array and the 
substrate. Thus, a DNA soiution in each capillary swelis out of the 
oottom end thereof caused by the effects of electric fields. T hl s 
causes droplets of DNA solution, each being on a picoliter scale, to 
be deposited on the substrate. Using such method, it is possible to 
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easily ana q uic K ly ana inexpensive. proauce on a large scale D N A 

chips with uniform quality. 

In fig . 12. a plurality of capillaries 6! are mountea on a 

„ *t the same interval of spacing, 
capillary holder 62 in an array at the 

„• 65 is then injected into each capillary 61. The type 
A DNA solution 65 is tnen u»j 

the inside diameter of dimen- 
^ For this purpose has the rnsiu 
of capillary used for tnis P 

slo „ a that prevents the - solution 6S from spin- 

" «. capillary under normal conditions. A plurality of 
bottom of the capillary capillar y holder 62 so 

inaries 61 are mounted vertically on the capllla 
capillars on the same 

th at the bottom enas thereof are flush ^ 
horizontal plane. A substrate 63 forms a s r t ^ 

^ ~~ the surface is paranex 

"I!:; a — r the capillary hoiaer 62 or the substrate 

the capillary ox. 

... or both, are disposed to be vertically mobile so that the 9 

varied as desired, A voltage source 64 is used to apply 

holder 62 and substrate 63. For example, a 
acro ss the capillary h ^ a 

positive voltage level is applied to the 

v oltage level is applied to the capillary holder 62 hen 

Uea electric fieias act upon the DNA solution insiae 
appiisa. sweii below the bottom 

lary 61. thereby causing the DNA sol 

. . i, tnward the substrate 63. 
e„a of the capillary 61 toward 

Th e apparatus of FIG. 12 1. opr.*. as follows. 
(also call DNA solutions, are previous, in^ted into a pluraHty 
I, lapillaries 61. Since capillary 61 is made of a sufficiently 





. ... ,.,„t., d the solution will not overflow 
thin tubing with an inside diameter d, tne so 

•,.>-„ This is because the surface 
out of the bottom end of the capillary. This is d 

tension of such thin tube surpasses (i.e. greater than, the gravita- 
tional force. The capillary holder 6 2 is brought close to the sub- 
strate 63 so that an appropriate gap is formed therebetween. Then. 
. suitable voltage is applied across the capillary holder 6 2 and the 
substrate 63. Hence, the DNA solution inside the capillary 61 swells 
below the bottom end of the capillary by the effects of the electric 

„ I-*, of the DNA solution, each being on a picolxter 
field, causing droplets of the una 

c-a tffpr deposition, elec- 
scale, to be deposited on the substrate 63. After dep 

,. larv holder 62 is moved away from 
trification is stopped and the capillary holder 

the substrate 63. 

• «. the spacing P of the array of capillaries can be 
At this point, the spacing r 

«.v, Q farnpt- sites (or cells) 
adjusted to match the spacing £1 between the target 

on a DNA chip so that the DNA solution is deposited on all of the 
sites at one time. With this method, it is possible to guickly de- 
posit volumetrically identical droplets of the DNA solution. This 

. . to oioette very small amounts of DNA solution, 

method also makes it easy to pipette ve y 

u „ n,»t the inside diameter d of the capillary 
It should be noted that the insia 

. . a ... is smaller than spacing P- 
61 can be of any dimension provided it is smal 

Mso, each capillary 61 may be pressurised with air or other means 
from the side opposite to substrate 63. instead of applying voltage. 

• • i relationship between substrate 63 and capi- 
Moreover, the positional relationship d 

Uary 6! -I be reversed vertically. Positioning substrate 63 above 
capillar, 61 is advantageous in that the substrate 63 is less likely 

then to become contaminated with dust. 

• hlG to implement. For example 
Other alternatives are also possible to imp 
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PCR may be applied within a capillary. This is advantageous in that 
the only task required is simply to replenish each capillary with 
a common, amplification purpose solution, thus saving the cost of 
labor of supplying DNA solutions. Also, for temperature processing 
in the PCR it is possible to cycle the PCR process at higher speeds 
by means of an atmospheric temperature change or by heating using 
laser radiation. It should be noted that this invention is not lim- 
ited to DNA chips; it being possible to use the invention for biochips 
of RNA, protein or sugar chain molecules, etc. 

According to the invention, it is possible to deposite bio- 
molecules on a plurality of sites on a substrate, all at the same 
time, by applying electric fields or pneumatic pressure to an array 
of capillaries containing the biomolecules . This method is advan- 
tageous in that the biochips can be produced easily, quickly and with 
reliably identical volume of deposited biomolecules. Also, a small 
amount of biomolecular solution can be pipetted with ease. 

The foregoing is descriptive of the principles of the invention. 
Numerous extensions and modifications thereof would be readily appa- 
rent to the worker skilled in the art. All such extensions and modi- 
fications are to be considered to be within the spirit and scope of 
the invention. 
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